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ABSTRACT 
This  work i s  based on one y e a r ' s  s c i n t i l l a t i o n  obse rva t ions  o f  s a t e l -  
l i t e  BE-B on 40  MHz a t  Adak and Wellington. 
l i n g t o n  s t a t i o n s  form a geomagnetic conjugate  p a i r .  The n ight t ime s c i n t i l -  
l a t i o n  shows a semi-annual v a r i a t i o n  e s p e c i a l l y  t h e  equatorward of  Adak 
and Wellington. 
Approximately, Adak and Wel- 
Cross -co r re l a t ion  s t u d i e s  i n d i c a t e  t h a t  conjugate  e f f e c t  is s t a t i s t i -  
c a l l y  s i g n i f i c a n t  a t  n igh t  but  not i n  dayt ime.  
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~ 1. In t roduc t ion  
' .  
The s tudy  o f  s c i n t i l l a t i o n  phenomenon has  been c a r r i e d  o u t  over  a 
two-decade per iod  by observ ing  r a d i o  s ta rs  and more l a t e l y  a l s o  by obser -  
ving r a d i o  s a t e l l i t e s .  
r a d i o  waves pass  through an  ionosphere con ta in ing  i r r e g u l a r i t i e s  i n  elec- 
t r o n  d e n s i t y .  These i r r e g u l a r i t i e s  tend  t o  focus  or defocus r a d i o  energy,  
r e s u l t i n g  i n  a change o f  amplitude on t h e  ground. Th i s  changing ampli tude 
p a t t e r n  i s  sometimes r e f e r r e d  t o  a s  t h e  d i f f r a c t i o n  p a t t e r n .  The d i f f r a c -  
I t  i s  bel ieved t h a t  s c i n t i l l a t i o n  is produced when 
t i o n  p a t t e r n  w i l l  move on t h e  ground i f  t h e r e  is ionospher ic  wind or motion 
o f  t h e  ( s a t e l l i t e )  r a d i o  source .  For a f i x e d  observer  t h e  moving d i f f r a c -  
t i o n  p a t t e r n  i s  observed as  a f l u c t u a t i n g  ampl i tude ,  known as s c i n t i l l a t i o n .  
A t  p r e sen t  t h e r e  is no t  a n  experimental ly  proven theory  t o  exp la in  
t h e  cause for t h e s e  i r r e g u l a r i t i e s  i n  t h e  F r eg ion  a t  temperate  l a t i t u d e s .  
Due t o  complexity o f  t h e  phenomenon t h e r e  may be more than  one c a u s a t i v e  
mechanism. One p o s s i b l e  t es t  o f  i n t e r e s t  i s  t o  i n v e s t i g a t e  if  t h e  geomag- 
n e t i c  f i e l d  p l ays  a r o l e  i n  t h e  product ion of t h e s e  i r r e g u l a r i t i e s .  Such 
a t e s t  r e q u i r e s  obse rva t ions  o f  t h e  phenomenon a t  geomagnet ical ly  conjugate  
s t a t i o n s .  
s i c a l  phenomena such as p o l a r  cap abso rp t ion ,  a u r o r a l  events  and magnetic 
v a r i a t i o n s ,  but  no t  much has  been done i n  regard  t o  t h e  s c i n t i l l a t i o n  phe- 
nomenon. To t h e  a u t h o r s '  knowledge t h e  only  p u b l i c a t i o n  i n  t h i s  a r e a  is 
one by Brenan ( 1 9 6 0 )  who s tudied  r a d i o  s t a r  s c i n t i l l a t i o n  a t  Hal ley Bay 
and J o d r e l l  Bank. Th i s  p a i r  of s t a t i o n s  i s  not  i d e a l  for conjugate  s tudy  
s i n c e  J o d r e l l  Bank i s  approximately 2000 km from t h e  conjugate  po in t  of 
Hal ley Bay. Never the less ,  a s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  of  0 .37  
was obta ined  f o r  388 p a i r s  o f  observa t ions .  S imi l a r  s t u d i e s  between a 
The conjugacy t e s t  has been c a r r i e d  o u t  f o r  a number of geophy- 
temperate  l a t i t u d e  s t a t i o n  and e q u a t o r i a l  s t a t i o n  y i e l d e d  a n  i n s i g n i f i c a n t  
c o r r e l a t i o n .  
The present  i n v e s t i g a t i o n  is  concerned wi th  s c i n t i l l a t i o n  o b s e r v a t i o n s  
of r a d i o  s i g n a i s  a t  4 0  MHz from s a t e l l i t e  BE-B recorded a t  Adak, Alaska  
and a t  Wellington, N e w  Zealand. 
c e i v e r s ,  t h e  coord ina te s  of t h e i r  geomagnetic conjugate  p o i n t s  as wel l  as 
o t h e r  p e r t i n e n t  parameters computed by Roederer, e t .  a l .  (1965) a re  l i s t e d  
i n  Table 1. 
The geographic c o o r d i n a t e s  of t h e  re- 
From a comparison of  spread F and r a d i o  s t a r  s c i n t i l l a t i o n  Briggs 
(1958) has suggested t h a t  t h e  i r r e g u l a r i t i e s  causing n igh t t ime  s c i n t i l l a -  
t i o n  a t  m i d - l a t i t u d e s ,  occur i n  pa t ches  with dimensions o f  o r d e r  500 km i n  
a N-S d i r e c t i o n ,  and cons ide rab ly  g r e a t e r  i n  t h e  E-W d i r e c t i o n .  More re-  
cen t  s a t e l l i t e  s c i n t i l l a t i o n  obse rva t ions  a r e  i n  agreement wi th  t h l s  sug- 
g e s t i o n .  
Wellington. Therefore ,  Adak and Wellington are  s u f f i c i e n t l y  c l o s e  t o  being 
a con juga te  p a i r  t o  p e r m i t  a meaningful c o r r e l a t i o n  of s c i n t i l l a t i o n  s tudy .  
T h e  po in t  con juga te  t o  Adak is approximately 1 0 0 0  km west of 
The paper s ta r t s  wi th  a d i s c u s s i o n  of t h e  method o f  a n a l y s i s  i n  Sec- 
t i o n  2. The behavior of s c i n t i l l a t i o n  a t  each s t a t i o n  is  s t u d i e d  s e p a r a t e -  
l y  f irst  and t h e  r e s u l t s  a r e  g iven  i n  Sec t ion  3 .  
d i e s  it has been found t h a t  s c i n t i l l a t i o n s  i n  t h e  daytime behave d i f f e r -  
e n t l y  from t h o s e  a t  n i g h t .  
d a t a  have been divided i n t o  daytime and n i g h t t i m e .  
r e s p e c t i v e l y  i n  Sect ion 4a and 4b. 
t i o n  5 .  
From o t h e r  r e l a t e d  s t u -  
Therefore  i n  c r o s s - s t a t i o n  c o r r e l a t i o n  s t u d i e s  
These are p resen ted  
F i n a l l y  a conc lus ion  is g iven  i n  Sec- 
2 .  Method of Analysis 
T h e  s a t e l l i t e  BE-B was launched i n  October ,  1964. I ts  approximate 
Regu la r ly  t h e r e  a r e  a t  l eas t  o r b i t a l  parameters a r e  l i s t e d  i n  Table 2 .  
2 
TABLE 1 
Coordina tes  and Other P e r t i n e n t  Parameters  
La t i tude  Longitude B L 
Adak 51.90' N 176.65' W 0.427 2.21 
Adak Conjugate 39.0' S 164.7' E 0.509 2.21 
Well ington 41.28' S 174.77' E 0.503 2.26 
Well ington Conjugate 50.1' N 162.53 W 0.431 2.26 
TABLE 2 
Approximate O r b i t a l  Elements of S a t e l l i t e  BE-R 
Nodal Per iod  1 0 4 . 8 1  min. 
E c c e n t r i c i t y  0.0136 
I nc 1 i n a t  i o n  79.69' 
Pe r igee  Height 880 km 
Apogee Height 1080 km 
3 
one good south-bound pass  and one good north-bound pass  per  day.  On occa- 
s i o n s  t h e r e  may be  t h r e e  o r  f o u r  good passes  per  day.  The o r b i t  i s  such 
t h a t  it t akes  about t h r e e  months f o r  t h e  south-bound and north-bound passes  
t o g e t h e r  t o  go through a d i u r n a l  c y c l e .  
d e p i c t s  two sample s u b - s a t e l l i t e  t racks and t h e i r  r e l a t i o n s  wi th  r e s p e c t  
t o  t h e  observing s t a t i o n s  and L- she l l s .  
pa ths  a r e  a l s o  shown by connect ing them t o  t h e  s u b - s a t e l l i t e  pa ths  by 
I n  Figure 1 i s  shown a map which 
The corresponding sub-ionospheric  
dashed l i n e s .  The p resen t  s tudy  covers  t h e  per iod  from October ,  1964 
through October,  1965, one year  of  obse rva t ions .  
For each one-quarter  minute l e n g t h  of t h e  r eco rd  a s c i n t i l l a t i o n  
index 0 ,  o r  1 o r  2 is ass igned  by v i s u a l  i n s p e c t i o n .  Examples of d i f f e r e n t  
degrees  o f  s c i n t i l l a t i o n  and t h e  corresponding s c i n t i l l a t i o n  i n d i c e s  a re  
shown i n  F igure  2 .  The r e c t i f i e d  quas i - s inuso ida l  behavior  i n  t h e  absence 
o f  s c i n t i l l a t i o n  is caused by t h e  Faraday e f f e c t .  The s c i n t i l l a t i o n  index 
is roughly p ropor t iona l  t o  t h e  i n t e n s i t y  of r a p i d  and random f l u c t u a t i o n s .  
This  method of sca l ing  has  been used before  and proven t o  be u s e f u l  (Yeh 
and Swenson, 1 9 6 4 ) .  For t h e  p re sen t  a n a l y s i s  each pass  is d iv ided  i n t o  5 
L-she l l  r anges  on t h e  b a s i s  o f  t h e  sub-ionospheric  p o s i t i o n  a t  350 km ( s e e  
Figure 1). This  he igh t  i s  t y p i c a l  f o r  i r r e g u l a r i t i e s  producing n igh t t ime  
s c i n t i l l a t i o n  a t  m i d - l a t i t u d e s  (McClure 1964) .  The f i v e  ranges  a r e  
Range 1: L = 1 . 5  t o  1 . 7 5  
Range 2 :  L 1 . 7 5  t o  2 . 0  
Range 3 :  L = 2 . 0  t o  2 . 5  
Range 4 :  L = 2.5 t o  3 . 0  
Range 5: L = 3 . 0  t o  4 . 0  
These ranges  were chosen t o  g i v e  about equal  geographic  range  t o  each 
L-she l l  range .  Both Adak and Wellington f a l l  i n  about  t h e  c e n t e r  of range  
3 .  For each pass  t h e  q u a r t e r  minute s c i n t i l l a t i o n  i n d i c e s  are  t h e n  ave r -  
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Figure 1. Map showing l o c a t i o n s  of Adak (A) and Wellington (W) and t h e i r  
geomagnetic conjugates  (Afi and W" r e s p e c t i v e l y ) .  
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r e s t r i c t e d  i n  long i tude  by r e j e c t i n g  passes  where t h e  maximum s a t e l l i t e  
e l e v a t i o n  was less than  30'. 
t ude  range o f  about  10' cen te red  on t h e  s t a t i o n .  
This  corresponds t o  a sub-ionospheric  l ong i -  
3 .  Behavior of S c i n t i l l a t i o n  a t  Each S t a t i o n  
Before p re sen t ing  r e s u l t s  on conjugate  c o r r e l a t i o n  s t u d i e s  we f i rs t  
d i s c u s s  r e s u l t s  showing t h e  behavior of  s c i n t i l l a t i o n  a t  each s t a t i o n .  
Height measurements i n d i c a t e  t h a t  t h e  i r r e g u l a r i t i e s  caus ing  s c i n t i l -  
l a t i o n  a t  mid - l a t i t udes  are predominately i n  E-region dur ing  daytime and 
F-region a t  n i g h t  (McClure, 1 9 6 4 ) .  We t h e r e f o r e  d i v i d e  t h e  d a t a  i n t o  day- 
t i m e  d a t a  (0600-1800 l o c a l  t i m e )  and n igh t t ime  d a t a  ( t h e  remaining l o c a l  
t i m e ) .  
and n igh t  a t  Adak i s  shown i n  Figure 3 ( a ) .  
a re  shown i n  Figure 3 ( b ) .  
dur ing  t h e  day i s  obvious for both s t a t i o n s .  
dependence are a l s o  apparent .  
u s u a l  and r e c e i v e  f u r t h e r  comment below. 
The average s c i n t i l l a t i o n  index i n  each L-she l l  range  for both day 
S imi l a r  curves  f o r  Wellington 
The  higher  s c i n t i l l a t i o n  index a t  n i g h t  t han  
Zeni th  ang le  and l a t i t u d e  
Po in t s  f o r  L-she l l  1 a t  Wellington a r e  un- 
F igure  4 shows p l o t s  of two-monthly mean va lues  of s c i n t i l l a t i o n  in-  
dex for t h e  per iod  1000  t o  1400  U.T. us ing  two y e a r s  d a t a  a t  Wellington 
and 1 5  months a t  Adak. 
hour o f  1 2 0 0  U . T . ) .  
s i d e r e d  s e p a r a t e l y  for each s t a t i o n .  Only i n d i c e s  corresponding t o  s a t e l -  
l i t e  e l e v a t i o n s  exceeding 15O have been used.  The mean va lues  a r e  der ived  
i n  most cases from a t  least  1 2 0  i n d i c e s ,  equ iva len t  t o  30 minutes or more 
o f  r eco rd ing  t i m e .  There appears  t o  be a semi-annual v a r i a t i o n  a t  n igh t  
which i s  most n o t i c e a b l e  i n  t h e  equatorward d a t a  for both  s t a t i o n s .  The 
cu rves  f o r  Well ington and Adak are perhaps nea re r  t o  overlapping i f  t h a t  
(Local  midnight a t  each s t a t i o n  is  wi th in  ha l f  an 
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Figure 3 .  Average s c i n t i l l a t i o n  i n  each L- she l l  r ange  
(.a) Adak 
(b )  Wellington 
. 
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1964 1965 1966 
(b) Poleward 
Figure 4. Two monthly mean va lues  of s c i n t i l l a t i o n  index a t  Adak and a t  
Wellington for t h e  per iod 1 0 0 0  t o  1400 U.T.  
9 
f o r  Adak is advanced by s i x  months ( d o t t e d  curves  i n  Figure 4 ) .  However, 
no improvement i n  agreement is  obta ined  i f  Adak cu rves  a r e  r e t a r d e d  by s i x  
months. The s i g n i f i c a n c e  o f  t h i s  obse rva t ion  is d iscussed  i n  Sec t ion  5 .  
4 .  Cross-Correlat ion Analvsis  
T i m e  v a r i a b i l i t y  o f  t h e  s c i n t i l l a t i o n  phenomenon i s  w e l l  known. For 
example, experience i n d i c a t e s  t h a t  i r r e g u l a r i t i e s  may occupy d i f f e r e n t  
r eg ions  geographica l ly  when observed on success ive  s a t e l l i t e  pas ses .  
cannot ,  of  course ,  use  s a t e l l i t e  BE-B t o  make s imultaneous obse rva t ions  a t  
conjugate  s t a t i o n s . )  
and y e t  have good s t a t i s t i ca l  sampling, w e  c r o s s - c o r r e l a t e  r e c o r d s  obta ined  
a t  Adak and a t  Wellington i f  t h e  passes  are  wi th in  2 1 / 2  hours  of each 
o t h e r .  
(We 
I n  o r d e r  t o  reduce t h e  e f f e c t  of t i m e  v a r i a b i l i t y  
A t o t a l  of  372 p a i r s  of pas ses  s a t i s f y  t h i s  requi rement ,  1 7 4  p a i r s  
of  which a r e  daytime passes  and 198 p a i r s  a r e  n igh t t ime  passes .  
d i s c u s s  t h e  daytime r e s u l t s ,  t hen  t h e  n ight t ime r e s u l t s .  
We f i r s t  
4 . a .  Daytime Resu l t s  
Figure 5 (a )  shows t h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h e  s c i n t i l l a t i o n  
index averaged over each pass  as  Adak (marked A )  o r  Well ington (marked W) 
ver sus  t h a t  for each L-she l l  range a t  Adak. F igure  5 ( b )  is similar t o  
Figure 5 ( a ) ,  bu t  now w e  use  Wellington L-she l l  ave rages .  These f i g u r e s  
show t h a t  t h e  s c i n t i l l a t i o n  a t  a g iven  L-she l l  range  c o r r e l a t e s  wi th  t h e  
average s c i n t i l l a t i o n  observed a t  t h e  same s t a t i o n .  
t o n  L-she l l  range 1 i n  Figure 5 ( b )  i s  an  excep t ion .  A t  Well ington w e  have 
tended t o  avoid using i n d i c e s  r e l a t i n g  t o  s a t e l l i t e  e l e v a t i o n s  below about  
15', where r e f r a c t i v e  e f f e c t s  may become impor tan t .  
horizon r e s t r i c t i o n  on equatorward r eco rd ing  a t  low e l e v a t i o n .  The sca l ed  
d a t a  f o r  s h e l l  1 a r e  s u f f i c i e n t  f o r  c o r r e l a t i o n  a n a l y s i s  a t  n i g h t ,  but  no t  
The p o i n t  for Welling- 























1 2 3 4 5 






















I 2 3 4 5 
L - S h e l l  Range 
Figure 5 .  C o r r e l a t i o n  of pass average s c i n t i l l a t i o n  a t  each s t a t i o n  
wi th  s c i n t i l l a t i o n  a t  each L-shel l  range for one s t a t i o n  - 
daytime 
( a )  Adak average (A) and Wellington average (W) v e r s u s  
( b )  Adak average (A) and Wellington average (W) v e r s u s  
L-shel l  s c i n t i l l a t i o n  a t  Adak 
L-shel l  s c i n t i l l a t i o n  a t  Wellington 
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for daytime. The d a t a  a r e  inadequate  t o  o b t a i n  meaningful averages  f o r  
s h e l l  1 i n  Figure 3 (b ) .  
The r e s u l t s  o f  c o r r e l a t i o n  a n a l y s i s  of t h e  s c i n t i l l a t i o n  index f o r  
L-she l l s  a t  Adak wi th  t h e  s c i n t i l l a t i o n  index for L-she l l s  a t  Wellington 
a r e  shown i n  Figure 6 .  These curves  show t h a t  t h e r e  is  e s s e n t i a l l y  no 
s i g n i f i c a n t  c o r r e l a t i o n  between L-she l l s  a t  conjugate  s t a t i o n s  du r ing  t h e  
day.  
ing  L- she l l s .  
The absence of  s i g n i f i c a n t  c o r r e l a t i o n  i s  t r u e  even f o r  correspond- 
(The p o i n t s  f o r  which t h e  c o r r e l a t i o n  c o e f f i c i e n t  r eaches  
above 0.4 a g a i n  correspond t o  L-she l l  range  1 obse rva t ions  a t  Wel l ing ton . )  
Fu r the r  c r o s s - c o r r e l a t i o n  s t u d i e s  a re  made by s h i f t i n g  t h e  d a t a  
according t o  t h e  fo l lowing  scheme. When t h e r e  is zero  s h i f t  it means t h a t  
d a t a  i n  t h e  fol lowing L- she l l s  a re  c o r r e l a t e d .  
Adak L-she l l  range  1 2 3 4 5  
Wellington L-she l l  range  1 2 3 4 5 
when t h e  s h i f t  i s  t1, it means 
Adak L-she l l  range  1 2 3 4  
Wellington L-she l l  range  2 3 4 5 
when t h e  s h i f t  i s  -1, it means 
Adak L-she l l  range 2 3 4 5  
Wellington L - s h e l l  range  1 2 3 4 
The c r o s s - c o r r e l a t i o n  f u n c t i o n  as a f u n c t i o n  of t h e  s h i f t  i n  L-she l l  range  
i s  shown i n  Figure 7 .  
Note t h a t  i n  ob ta in ing  Figure 7 ,  on ly  t h o s e  pas ses  wi th  d a t a  i n  a l l  f i v e  
No s i g n i f i c a n t  c o r r e l a t i o n  and t r e n d  are  r e v e a l e d .  
L-she l l  ranges  a t  both s t a t i o n s  and a t  t h e  same t i m e  wi th  a n  e l e v a t i o n  
ang le  near  t h e  poin t  of c l o s e s t  approach l a r g e r  t h a n  30' are  used .  
i nc ludes  a t o t a l  of 32 passes .  
Th i s  
4 .  b .  Nighttime Resu l t s  
Nighttime c o r r e l a t i o n  s t u d i e s  a r e  similar t o  t h o s e  made for dayt ime.  
1 2  
. 
-0.2 1 ' I I 1 
I 2 3 4 5 
L-She l l  Range ,We l l i ng ton  
(a) Adak L-She l l  o s  a Parameter 
0.6 O*** 
-0.2 
I 2 3 4 5 
L-She l l  Range, Adak  
(b) Wellington L-Shell  a s  o Parameter 
Figure  6 .  S h e l l - t o - s h e l l  c o r r e l a t i o n s  - daytime 
( a )  Adak L- she l l  as  a parameter  
( b )  Wellington L- she l l  as a parameter 
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Figure  7 .  C ross -co r re l a t ion  of L- she l l  weighted ave rages  - daytime 
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- .  
Figure 8 is similar t o  Figure 5 except t h a t  it i s  f o r  n igh t t ime  d a t a .  
~. 
This  f i g u r e  shows t h a t  t h e  c o r r e l a t i o n  between t h e  average s c i n t i l l a t i o n  
and L- she l l  s c i n t i l l a t i o n  a t  t h e  same s t a t i o n  i s  a l i t t l e  higher  during 
I .  
? 
t h e  n i g h t  t h a n  during t h e  day.  However t h e  b i g  d i f f e r e n c e  i s  t h e  l a r g e  
i n c r e a s e  i n  c o r r e l a t i o n  between t h e  average a t  one s t a t i o n  and L-shel l  
s c i n t i l l a t i o n  a t  t h e  conjugate  s t a t i o n  (compare Figure 8 with Figure 5 ) .  
Although t h e  i n c r e a s e  i s  l a r g e  it is  s t i l l  s i g n i f i c a n t l y  l e s s  t h a n  t h e  cor- 
r e l a t i o n  with t h e  L-shel l  s c i n t i l l a t i o n  a t  t h e  same s t a t i o n ,  t y p i c a l l y  0 . 3  
lower.  The i n c r e a s e  i n  c r o s s - s t a t i o n  c o r r e l a t i o n  sugges t s  t h a t  t h e r e  may 
e x i s t  conjugate  e f f e c t s .  
The c o r r e l a t i o n  between L-shel ls  a t  Adak and L- she l l s  a t  Wellington i s  
shown i n  Figure 9 .  This  f i g u r e  shows t h a t  t h e  b e s t  c o r r e l a t i o n  is  among 
ranges  2 and 3 as a group. I t  i s  not  known whether t h e  dec rease  i n  c o r r e -  
l a t i o n  a t  r anges  1 and 5 i s  genuine. Since both s t a t i o n s  are i n  range 3 ,  
obse rva t ions  i n  r anges  1 and 5 may b e  a f f e c t e d  by z e n i t h  a n g l e  v a r i a t i o n s .  
Figure 9 a l s o  shows t h a t  t h e r e  i s  a tendency for Adak t o  c o r r e l a t e  b e t t e r  
w i th  Wellington a f t e r  a s l i g h t  s h i f t  equatorward. This  i s  i l l u s t r a t e d  
c l e a r l y  i n  t h e  fol lowing.  Let f u l l  r i n g s  be used for L-shel l  p a i r s  of 
h i g h e s t  c o r r e l a t i o n  ( 0 . 5 7  - 0 . 6 2  with a minimum 95% confidence i n t e r v a l  
g r e a t e r  t han  0 .40 )  and dashed r i n g s  be used f o r  t h o s e  of next  h i g h e s t  co r -  
r e l a t i o n  (0 .37  - 0.49).  Then we have 
Adak 1 2 (2; 4 5 




Adak 1 : 2 ;  3 4 5 
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L-She l l  Ranqe 







I 2 3 4 5 
L - S h e l l  Range 
Figure 8 .  Cor re l a t ion  of pas s  average  s c i n t i l l a t i o n  a t  each s t a t i o n  
with s c i n t i l l a t i o n  a t  each L- she l l  r ange  for one s t a t i o n  - 
night t ime 
( a )  
( b )  
Adak average (A) and Well ington average  (W) ve r sus  
L-she l l  s c i n t i l l a t i o n  a t  Adak 
Adak average  (A) and Well ington average  (W) v e r s u s  
L-she l l  s c i n t i l l a t i o n  a t  Well ington 
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L-She l l  Ranae . We l l i na ton  
-0 .2  
I 2 3 4 5 
L - S h e l l  R a n g e ,  A d a k  
Figure 9 .  S h e l l - t o - s h e l l  c o r r e l a t i o n s  - n igh t t ime  
( a )  
( b )  
Adak L-shel l  as a parameter 
Wellington L- she l l  a s  a parameter 
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The asymmetry is apparent  s i n c e  t h e  c o r r e l a t i o n  t e n d s  t o  be maintained 
when t h e  c o r r e l a t i o n  c o e f f i c i e n t  is  computed with an  equatorward s h i f t  a t  
Wellington. T h i s  p o i n t  w i l l  be d i scussed  a g a i n  s h o r t l y .  
Fu r the r  c r o s s - c o r r e l a t i o n  s t u d i e s  are shown i n  Figure 1 0  where t h e  
The passes  scheme descr ibed i n  connect ion with Figure 7 i s  used a g a i n .  
(15 i n  a l l )  which were used t o  g e t  t h e  dashed curve have d a t a  i n  a l l  f i v e  
L- she l l  r anges  and w i l l  be r e f e r r e d  t o  as 5 - s h e l l  p a s s e s .  
(147  i n  a l l )  which were used t o  g e t  t h e  s o l i d  curve have d a t a  i n  t h e  c e n t e r  
t h r e e  ranges ( 2 ,  3 and 4 )  and w i l l  be r e f e r r e d  t o  as 3 - s h e l l  p a s s e s .  The 
5 - s h e l l  pas ses  a l l  are south-bound wi th  d a t a  f i rs t  recorded a t  Adak and 
then  recorded a t  Wellington a f t e r  one complete o r b i t  has  e l apsed .  Both 
cu rves  suggest  t h a t  a s  f a r  as  t h e  s c i n t i l l a t i o n  phenomenon i s  concerned, 
Wellington i s  perhaps a s s o c i a t e d  with a s l i g h t l y  h ighe r  L-value t h a n  Adak. 
On t h e  o t h e r  hand, t h e  t ime i n t e r v a l  between o b s e r v a t i o n s  might,  conceiv- 
a b l y ,  g i v e  r i s e  t o  a s l i g h t  asymmetry of t h i s  s o r t  e s p e c i a l l y  i f  t h e  r e g i o n  
of i r r e g u l a r i t i e s  has a sys t ema t i c  d i r e c t i o n  o f  motion. 
The passes  
There are many v a r i a b l e s  which may a f f e c t  t h e  degree of c o r r e l a t i o n ;  
among them a r e  time and l a t i t u d e .  In  o r d e r  t o  t e s t  t h e i r  e f f e c t s  w e  assem- 
b l e  t h e  d a t a  by p a i r i n g  up corresponding L - s h e l l s  a t  Adak and Wellington 
t o  form a set  of pairs which a re  t h e n  c o r r e l a t e d  i n  v a r i o u s  groups.  Table 
3 shows t h e  r e s u l t s  of t h i s  procedure f o r  a number of c a s e s .  
s i d e r s  t h e  group using only t h e  c e n t e r  3 L- she l l  r a n g e s  t h e r e  is i n d i c a t i o n  
of s l i g h t  improvement. This  sugges t s  t h a t  t h e  l a t i t u d e  e f f e c t  is s l i g h t . .  
I f  t h e  d a t a  a r e  r e s t r i c t e d  t o  t h o s e  pas ses  f o r  which t h e  two o b s e r v a t i o n s  
a re  on ly  1 / 2  hour a p a r t  ( a s  opposed t o  t h e  r e g u l a r  2 1 / 2  h o u r s ) ,  t h e r e  i s  
a n o t i c e a b l e  inc rease  i n  t h e  c o r r e l a t i o n  c o e f f i c i e n t .  C o r r e l a t i o n  i s  
e v i d e n t l y  reduced when t h e  t i m e  i n t e r v a l  between c o n j u g a t e  o b s e r v a t i o n s  
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Shift in L-Shell Range 
Figure 1 0 .  Cross -co r re l a t ion  of L- she l l  weighted ave rages  - n igh t t ime  
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TABLE 3 
C o r r e l a t i o n  o f  L-she l l  Weighted Averages fo r  a 
Number o f  Cases du r ing  t h e  Night 
( T i m e  d i f f e r e n c e  between obse rva t ions  is less t h a n  2 1 / 2  hours  
u n l e s s  o therwise  s t a t e d . )  
Case # of Correla t ion  9 5% 
p o i n t s  c o e f f i c i e n t  Confidence i n t e r v a l  
~~ ~ 
a l l  d a t a  642 0.46 
3 L-she l l  441 0.47 
5 L-she l l  60 0.41 
1 / 2  h r .  between 226 0.56 
obse rva t ions  
1 0  h r s .  about  512 0.47 






8 h r s .  about  415 






i s  much i n  excess  of h a l f  an hour.  Table 3 a l s o  shows t h a t  t h e r e  does not  
seem t o  be much d i u r n a l  i n f luence  i n  t h e  c o r r e l a t i o n  s tudy  s i n c e  no appre-  
c i a b l e  change i n  c o r r e l a t i o n  i s  observed when a change i s  made from 1 2  
hours ( " a l l  da t a"  i n  Table 3 )  t o  1 0  hours t o  8 hours about  t h e  l o c a l  mid- 
n i g h t .  Indeed in spec t ion  of t h e  da t a  shows f l u c t u a t i o n s  between consecu- 
t i v e  sample va lues  l a r g e  compared with t h e  d i u r n a l  v a r i a t i o n .  
A s t r a igh t fo rward  check was a l s o  made i n  which t h e  effects of t h e s e  
v a r i a b l e s  should be minimal. Seventeen northbound passes  (obse rva t ions  a t  
Adak wi th in  h a l f  an  hour of corresponding obse rva t ions  a t  Well ington)  were 
recorded wi th  about  2 1 / 2  hours of midnight a t  both s t a t i o n s ,  i n  t h e  per -  
iod between mid-May and mid-June 1965.  For each pass  t h e  q u a r t e r  minute  
va lues  of s c i n t i l l a t i o n  index were averaged s e p a r a t e l y  f o r  t h e  r e g i o n s  
"equatorward" and "poleward" o f  each s t a t i o n .  Only i n d i c e s  corresponding 
t o  s a t e l l i t e  e l e v a t i o n s  g r e a t e r  than 30' were used; t h u s  excluding obser -  
v a t i o n s  o u t s i d e  about  t h e  mid-points of L s h e l l s  2 and 4.  I n  most cases 
t h i s  gave more than  5 minutes of  u s e f u l  r eco rd .  The r e s u l t s  are shown i n  
Table  4 .  They are i n  good agreement wi th  t h e  more ex tens ive  a n a l y s i s  a l -  
r eady  desc r ibed ,  even i n  r e s p e c t  of  t h e  suggested asymmetry. 
5 .  Conclusion 
The p resen t  r e p o r t  i s  based on one y e a r ' s  obse rva t ions  of  s a t e l l i t e  
s c i n t i l l a t i o n s  a t  Adak and Wellington, which a r e  an  approximately conju-  
g a t e  p a i r .  Cross - s t a t ion  c o r r e l a t i o n  s t u d i e s  show t h a t  conjugate  effect  
on s c i n t i l l a t i o n s  i s  s i g n i f i c a n t  a t  n igh t  but  no t  i n  daytime. This  shows 
a geomagnetic coupl ing e f f e c t  i n  producing n ight t ime s c i n t i l l a t i o n .  The 
c r o s s - c o r r e l a t i o n  a n a l y s i s  o f  t h e  n igh t t ime  d a t a  a l s o  r e v e a l s  a s l i g h t  
asymmetry. I t  i s  of i n t e r e s t  t o  no te  t h a t  ea r l ie r  s t u d i e s  of 20 MHz 
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TABLE 4 
Limited Sample C o r r e l a t i o n  for Wellington and Adak 
( 9 5 %  confidence i n t e r v a l  b racke ted )  
Wellington Ada k C o r r e l a t i o n  C o e f f i c i e n t  
Poleward Equa t orward 0 .16  
Po l e  ward Po l e  ward 0 .56  (0 .10 -0 .80 )  
E quat  orward Equatorward 0.88 (0 .70 -0 .96 )  
Equator ward Po l e  ward 0 .43  
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I s i g n a l s  from t h e  s a t e l l i t e  Nora-Alice 1 show t h a t  sudden t r a n s i t i o n s  from 
Faraday f ad ing  t o  s c i n t i l l a t i o n  occurs  s l i g h t l y  poleward of a u r o r a l  i s o -  
The Adak work is supported by a g r a n t  t o  t h e  Un ive r s i ty  of  I l l i n o i s  from 
t h e  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion under Grant No. N s G  24 .  
The U. S .  Army Radio Propagat ion S t a t i o n  and t h e  U. S .  Naval Communication 
S t a t i o n  a t  Adak c o l l e c t e d  t h e  s a t e l l i t e  d a t a  of  e x c e l l e n t  q u a l i t y  f o r  t h e  
Un ive r s i ty  o f  I l l i n o i s .  We g r a t e f u l l y  acknowledge t h e i r  he lp .  The satel-  
l i t e  o r b i t a l  in format ion  was suppl ied  by Goddard Space F l i g h t  Center .  
The N e w  Zealand work is p a r t  of a j o i n t  p r o j e c t  wi th  t h e  Phys ics  and 
Engineer ing Laboratory,  Department of S c i e n t i f i c  and I n d u s t r i a l  Research. 
chasm 5 i n  t h e  no r the rn  hemisphere and s l i g h t l y  equatorward of a u r o r a l  
isochasm 5 i n  t h e  southern  hemisphere (Yeh and Swenson, 1 9 6 4 ) .  Wellington 
has  a s l i g h t l y  h igher  L va lue  than  Adak, and t h e  t r e n d  of  t h e  p r e s e n t  
s c i n t i l l a t i o n  obse rva t ions  as w e l l  a s  t h o s e  of Yeh and Swenson is  i n  t h i s  
b d i r e c t i o n .  The s c i n t i l l a t i o n  obse rva t ions  appear  t o  be more c l o s e l y  re- 
l a t e d  t o  t h e  L parameter t han  t o  t h e  a u r o r a l  isochasms. 
The s tudy  o f  n ight t ime s c i n t i l l a t i o n  a t  each s t a t i o n  shows t h a t  t h e r e  
is  a semi-annual v a r i a t i o n .  Closer agreement on s c i n t i l l a t i o n  is  obta ined  
i f  Adak d a t a  is  advanced by s i x  months. This  i s  sugges t ive  of  a t r u e  
seasona l  v a r i a t i o n .  I n  view o f  coupl ing between conjugate  s t a t i o n s  it is  
no t  known i f  t h e  n ight t ime semi-annual v a r i a t i o n  is due t o  a s i n g l e  season- 
a l  peak i n  each hemisphere "mapping over' '  i n t o  t h e  o t h e r .  More d a t a ,  pre-  
f e r a b l y  from f ixed  source  such as g e o s t a t i o n a r y  s a t e l l i t e s ,  may be h e l p f u l  
i n  r e s o l v i n g  t h i s  important  ques t ion .  
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